Abstract. The paper presents the results of electricity quality measurements conducted in six agri-food processing plants equipped with receivers of different sensitivity to the quality of the supply voltage. In particular, statistical assessment has been conducted for the value of the parameters characterizing the supply voltage, describing the parameters using the basic statistical measures and comparing them with the normative requirements. The paper also presents examples of the hazards to electrical drives and control systems caused by such industrial electromagnetic interferences as voltage changes or deformations of voltage waveform.
Introduction
At present, electricity is the basic energy medium necessary for the efficient functioning of most economic entities, especially industrial plants, including agri-food processing plants. Currently, there are approximately a dozen or so thousands of such entities in Poland with different production scales and forms of ownership.
The way in which power is supplied in food processing plants is extremely important. The choice of power supply is mainly determined by the supply reliability. It depends on the amount of losses in the event of a power failure. The amount of losses is estimated at 30-150 times the cost of electricity not supplied [1, 2] . The losses may be even greater in the case of freezing or meat plants.
Additional costs of plants are generated not only due to unplanned downtime associated with interruptions in power supply, but also due to improper operation of equipment resulting from the poor quality of electricity, which causes abnormalities in the manufacturing process and also faster wear and tear or even damagesof electrical equipment [3] [4] [5] [6] [7] .Electricity consumers are not fully aware that the poor quality of electricity can be the reason for the additional production costs associated with malfunctioning equipment. It can help the plant in gaining competitive advantage by reducing production costs to conduct continuous monitoring or at least periodic energy quality measurements [8] [9] [10] [11] .
2 Purpose, scope and subject matter of the study
The aim of the study was to analyze the quality of electricity in six selected agri-food processing plants. The study included two water bottling plants (hereinafter referred to in the paper as plants R1 and R2), three meat plants (plants M1, M2, M3) and one bakery (plant P). Each of the plants is modernly equipped and powered by its own transformer/distribution station 15/0.4 kV. Most of the electrical systems used in them are adjustable electric drives. The paper presents examples of threats caused by electromagnetic disturbances to the electric drives and related control systems.
Study method
The quality of electricity is the same as the quality of the supply voltage and includes two groups of disturbances:
-changes, i.e. small deviations from the nominal or desired magnitude, including free voltage changes, voltage fluctuations, asymmetry and higher harmonics of voltages, -events, i.e. sudden and significant deviations from the nominal or desired magnitude, including rapid voltage changes, voltage dips, voltage increases and transient overvoltages, short power interruptions.
The AS-3 Plus portable parameter analyzer, along with current transformers, was used to test the quality of electrical power in the plants, allowing for both, the detection of changes and the recording of events related to the values of voltage parameters describing its quality. The measurements were made each time at the main switchrooms of the plants, at the points of electricity supply. In particular, the phase and phase-to-phase 
Results
Electricity quality is defined as a set of parameters describing the characteristics of the energy supply process under normal operating conditions [12] . Both the supplier and the customer are responsible for electricity quality. Suppliers, by virtue of the power grid service, are mainly responsible for the supply voltage. Consumers, in turn, are responsible for the quality of the current, affecting its course through the operation of electrical equipment, which can impair the voltage parameters.
The studied agri-food processing plants are equipped with a large number of modern adjustable electric drives. Such electric drive consists of:
-electric motor driving a work machine with adjustable parameters (usually rotational speed or torque), -a system for converting electrical energy with fixed parameters into electrical energy with variable parameters, resulting from the technological process needs (usually energy-electronic converter), -a system controlling processing device. The control is implemented by microprocessor circuits and programmable PLC logic controllers. The whole is complemented by contactors and relays used to connect or disconnect both power and control circuits. All these components are very sensitive to the voltage quality, but not equally sensitive to each of its parameters. The nuisance of the supply voltage disturbances can be ranked in the following order: voltage dips, short power interruptions, voltage values, higher harmonics, overvoltages, asymmetry, fluctuations and voltage frequency [3, 4] .
Supply voltage dip is a sudden decrease in the effective voltage to a value in the range of 90% and 5% of the rated voltage [13] , followed by a voltage increase to the previous value in a short period of time (usually 10 ms -1 min). A specific form of the voltage dip is short power interruption. It is recorded when the voltage goes down below 5% of the nominal value. According to the Minister Regulation [12] , short power interruptions last longer than 1 second and no longer than 3 minutes.
The regulations in force in Poland do not specify the requirements for voltage dips and short power interruptions. By contrast, according to PN-EN 50160 [13] , voltage dips can be recorded from several dozen to one thousand times a year, while the number of short power interruptions ranges from several dozens to several hundred.
In the studied agri-food industry plants, the problem of voltage dips and short power interruptions occurred with varying intensity (Table 1 ). The largest number of voltage dips, in the number of about 10 thousand annually, was recorded in the bakery, but the number of dips was also too high, as compared to the requirements of the standard, in all of the studied meat plants. The registered dips were, however, characterized by small depths (an average of 10-12% of the rated voltage) and short duration (an average of approx. 1 second). Short voltage supply interruptions were problematic in none of the plants. Microprocessor circuits are exceptionally sensitive to voltage dips and short power interruptions, and the most common effects include: no data transmission or errors in their transmission.
The inadequate voltage supply that is sustained on the receivers' terminals for a long time is another cause of disturbances in the operation of agro-food industry plants. According to the regulations in force in Poland, 95% of a set of 10-minute average voltage effective values at the point of supply of electricity from a low voltage network shall be within ± 10% of the rated voltage [12] . Exceeding the limit values adversely affects the operation of propulsion engines, resulting in changes in their torque and rotational speed, disrupting their microprocessor systems used to control the motors, as well as the contactors and relays used as connecting elements. The analysis of the voltage measurements in all of the studied plants allowed us to conclude that, in terms of the supply voltage, the normative requirements were fulfilled.
Such a statement could not be tolerated with respect to another, potentially harmful, electromagnetic disturbance which is voltage distortion [14] [15] . According to therequirements in force in Poland [12, 13] , its evaluation is based on the following criteria:
-the permissible values of individual higher harmonics,
-the permissible value of the Total Harmonic Distortion, THD U .
The criteria must be fulfilled simultaneously, which in practice means that if one of the higher harmonics approaches the limit value, the remaining ones must be much smaller so that the total THD U factor value did not exceed the limit value of 8%.
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Controlled drives, like most electrical systems, are susceptible to such disturbances as disorted voltage. Higher harmonics in the supply voltage cause, among others, worse operating conditions of the insulation due to increased working temperature, which results in a shorter operating life. With a lot of disturbances of this type, interference can also be recorded in the operation of control and protection devices, caused by the increase of the peak current and voltage.
The analyzes performed (Tables 2 and 3) show that the supply voltage of the studied plants most frequently exceeded the permissible levels of the 5th, 6th, 7th and 15th harmonics, but the facilities differed in the intensity of the exceedances of the limit values for particular harmonics due to different characteristics of the equipment used. However, the number of the events was very low for most of the plants studied. The M3 meat plant was the exception, the daily average number of such disturbances was close to 9. During the exceedances of the permissible levels for single harmonics, the THD U value in plants R1 and P exceeded the permissible level of 8%, and it was close to it for the M3 plant.
Throughout the entire measurement period, the THD U limit was exceeded in the same plant, but the annual number of the exceedances was at a very different level of 4 to 112 events, respectively. There were also disturbing situations in the M2 and M3 plants, where the THD U value was close to the limit values.
The current course has a decisive influence on the distortion of the supply voltage waveform. During the assessment of the current course, distortion of higher harmonics, the content of individual harmonics was verified in accordance with the requirements of the Transmission Network Code [16] .
The analyzes show ( Table 4 ) that exceedances of the permissible distortion levels for the current course were recorded in two of the studied plants and mostly concerned the 3rd, 5th, 11th and 13th harmonics, with a significant number, between 4 and 10 per day. Table 4 . Breakdown of the exceedances of the permissible levels of individual higher harmonics in current and the THD I levels. 
Plant

Summary
The results of the research on the quality of electricity in agri-food processing plants were analyzed. Measurements were made at the points of energy supply, as these are the only points for which regulations specify the requirements for the quality parameters of the supply voltage.
Each of the plants studied recorded less or more incidents of unsatisfactory voltage quality, especially with respect to the content of higher harmonics. Four of the studied plants recorded values of the THD U factor that were higher or close to the value allowed by regulations.
The repercussion of the distortion of the supply voltage waveform, as well as the majority of electromagnetic disturbances analyzed in the work, is among others the incrise of flowing current, with all the consequences.
Improving the quality of electricity is only possible after diagnosing and defining the causes of its deterioration. For this purpose, measurements of voltage quality parameters are required not only in the main switchrooms but also in local switchrooms, directly supplying equipment. The quality of electricity at the point of the connection of the plant to the grid is not the same as the quality of the power supply for the receivers themselves.
